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Speech Rhythm and the Three Aspects of Speech Timing:
Articulatory, Acoustic and Auditory”

Ilsung Yun®

ABSTRACT

This study is targeted at introducing the three aspects of speech timing (articulatory,
acoustic and auditory) and discussing their strong and weak points in describing speech
timing. Traditional (extrinsic) articulatory timing theories exclude timing representation in
the speaker’s articulatory plan for his utterance, while the (intrinsic) articulatory timing
theories headed by Fowler incorporate time into the plan for an utterance. As compared
with articulatory timing studies with crucial constraints in data collection, acoustic timing
studies can deal with even several hours of speech relatively easily. This enables us to
perform suprasegmental timing studies as well as segmental timing studies. On the other
hand, perception of speech timing is related to psychology rather than physiology and
physics. Therefore, auditory timing studies contribute to enhancing our understanding of
speech timing from the psychological point of view. Traditionally, some theories of speech
timing (e.g. typology of speech rhythm: stress-timing; syllable-timing or mora-timing) have
been based on our perception. However, it is problematic that auditory timing can be
subjective despite some validity. Many questions as to speech timing are expected to be
answered more objectively. Acoustic and articulatory description of timing will be the
method of solving such problems of auditory timing.
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1. Introduction

It has been believed that every language has its own typical rhythm or timing pattern,
which is regarded as one of the important factors in making a language sound different
from others. There seems to be a general consensus about the definition of rhythm, ie.,
alternation and succession of the same sequences (Classe, 1939; Allen, 1975). On the other
hand, we use another term, timing. The concept of timing, however, does not appear to be
well established, despite its frequent use. Therefore, the two terms often do not seem to be
distinguished from each other. However, it is felt likely that the term timing has been used

in a wider sense than rhythm, i.e, to describe overall temporal phenomena. This would be
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due to the constraint that the definition of rhythm has. Speech must involve various
nonrhythmic temporal phenomena as well as rhythmicality, for the description of which the
term timing would be more appropriate.

Speech exists in three different forms (i.e, articulatory, acoustic and auditory). Therefore,

rhythm (timing) in speech also could be described in the following three dimensions:

(1) articulatory timing in the production of speech
(2) acoustic timing in the process of transmission of speech from speaker to hearer

(3) auditory timing from the hearer’s point of view.

In this paper, we will introduce each of the three aspects of speech timing through a
literature review and discuss their strong or weak points to describe rhythm (timing) in

speech.

2. Articulatory Timing

In the field of phonetics, the issue of how to explain coarticulation has long been a
matter of debate. As is well known, no sound (phoneme) is not coarticulated, unless it is
produced in isolation. Therefore, the account of coarticulation is directly related to the
understanding of articulation. With respect to the study of ' articulatory timing, the paper
written by Fowler (1980) is regarded as a turning point, in which a new timing theory
(i.e., action theory) is introduced. In that paper, Fowler criticised the previous studies
regarding coarticulation {e.g., Kozhevnikov & Chistovich, 1965; Ohman, 1966, 1967; MacNeilage,
1970; Kent & Netsell, 1971; Daniloff & Hammarberg, 1973; Kent, Carney & Severeid, 1974
Kent & Moll, 1975; Hammarberg, 1976; Kent & Minifie, 1977, Bell-Berti & Harris, 1979),
naming them extrinsic timing theories, and proposed the intrinsic timing theory as an
alternative. Even before Fowler (1980), there had been indications that none of the current
theories gave adequate explanations of coarticulation. For instance, Kent & Minifie (1977),
through a literature review, pointed out that none of the models and theories of coar-
ticulation suggested until then explained the phenomenon to the full. The variety in the
modeis and theories themselves may indirectly imply some lack of explanatory power in
them. In such a situation, what Fowler (1980) contributed to the study of timing would be
the classification of the previous studies into a group and the radical suggestion of a new
theory.

On the other hand, most of the theories and models for coarticulation mentioned in
Fowler (1980) were developed independently, and furthermore, the authors did not use the

term extrinsic timing in their papers directly (even if the expression extrinsic allophones is
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seen in Kent & Minifie, 1977:123). Therefore, it is difficult to classify them into a group, as
Fowler herself acknowledges. However, Fowler claims that the traditional theories all share
the same view: “they exclude timing from representation in the talker's articulatory plan for
his utterance. Instead, they propose that an utterance is given coherence in time only by its
actualization.” (p. 113).

Fowler's definition of the extrinsic timing theory is clearly exposed in the following
remark: “In an extrinsic timing theory, the articulatory plan represents the serial ordering of
features, segments or syllables - i.e, it represents their ordinal relationships along the time
axis - but time is not taken to inhere in, or to be essential to, the specification of these
production units.“ (p. 113).

The criticism against extrinsic timing is focused on the assumptions the so-called
extrinsic timing theorists share: (1) the essential properties of segments are timeless, (2)
segments are temporally discrete, and (3) the plan of an utterance is distinct from its
executor (Fowler, 1980:116). Against these assumptions, Fowler insisted that (1) “there are
no borders perpendicular to the time axis in an articulatory or acoustic record to separate
one segment from another” (p. 114), and the successive segments could be distinguished
only qualitatively (2) a new theory (intrinsic timing) “must merge the plan and its executor
by incorporating time into the plan for an utterance.” (p. 122). Fowler also disagreed with
the suggestion that phonological segments are subjective (Hammarberg, 1976), which was
based on the subjective (optical) and objective (physical) perception (motion) developed by
some psychologists (e.g., Gibson, 1957, 1968, 1969, 1977; Polanyi, 1958). That is, between
the two possibilities that segments are perceived either objectively (in acoustic signal) or
subjectively (with no acoustic support), Hammarberg supported the latter. But Fowler
(1980:121) expressed a different view: “it [phonological segment] is neither subjective nor
objective, but something else that spans the dichotomy.”

The action theory (intrinsic timing) is based on the notion of coordinative structures
which were so named in Easton (1972). On the assumption that all our behaviours are
coordinated, Fowler (1980) suggests its three significant properties. First, the coordinative
structure is an organization that spans several muscles. Second, a small coordinative
structure is nested in a larger structure. Third, many coordinative structures are cyclic (e.g.,
walking, chewing, breathing). Using the notion of coordinative structures, the intrinsic timing
theory accounts for coarticulation: “The plan for an utterance is treated as identical to the
coordinative structures themselves.” (p. 128), and defines it as the coproduction (overlapping
production) of successive, continuous, four dimensional (i.e., static/dynamic, and discrete/
continuous) canonical segments. On the heels of Fowler (1980), other studies, e.g., Bell-Berti
& Harris (1981), Tuller, Harris and Kelso (1982), and Harris, Tuller & Kelso (1986) appeared.
They observed some signs of invariance in the timing of articulatory events in a VCV

sequence despite the variations of stress and speech rate. On the basis of the invariance, it
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was claimed that articulatory events are controlled by a temporally invariant coordinative
structure.

On the other hand, the action theory has been criticised, in particular with regard to
perception, since a theory of production requires a corresponding theory of perception.
Those who criticised the action theory include Diehl, 1986, Fujimura, 1986; Ohala, 1986;
Massaro, 1986; Remez, 1986; Porter, 1986, Studdert-Kennedy, 1986; Lindblom & MacNeilage,
1986; Lindblom, 1987. Their criticisms are, for example, as follows: (1) what we perceive is
not the articulatory source but the speech sound (Ohala, Massaro), (2) articulated phonetic
segments have no ecological significance and perceivers are not aware of it (Diehl, Remez),
(3) articulated phonetic segments are not autonomous events (objects of perception) to
perceivers (e.g., Ohala: a glottal stop /?/ has a different significance for English speakers
and Arabic speakers respectively; Studdert-Kennedy; Remez), (4) the intentionality to make
an utterance cannot be explained in the action theory (intrinsic timing) (Lindblom &
MacNeilage), (5) speech production is versatile, i.e., variant (Lindblom), etc. Despite these
criticisms, the action theory must be seen as having provided the theory of timing

(particularly articulatory timing) with a new view.

3. Acoustic Timing

Putting aside the above criticisms about either extrinsic timing or intrinsic timing,
articulatory timing studies seem to have possessed a crucial limit in their data collection. In
other words, it has been difficult for their data (speech materials) to be larger units than a
phoneme or a syllable, because detecting the temporal invariance in the articulatory move-
ments (interactions of muscles) across a long stretch of speech is difficult. Though in recent
years, optical tracking systems and electromagnetic measuring devices as well as X-ray
micro-beam procedures can provide a solution to the problem, some equipment (e.g., X-ray
micro-beam) is not widely available and could be even dangerous. Even if all technical
problems are solved, it is still pointed out that the movements of articulatory organs
(muscles) are very complicated and overlap with each other. Therefore, to see a flourish of
articulatory timing studies (especially intrinsic timing studies), we may have to wait for the
development of some radical techniques. In contrast, acoustic timing studies are not under
such constraints. That is, the acoustic speech signals in a larger speech unit (even several
hours of speech) can be analysed relatively easily owing to the rapid development of
acoustic instruments. Furthermore, conventional linguistic or rhythmic units are reasonably
well defined, and there exists general agreement about the segmentation of acoustic signals
(Fletcher, 1988). This situation enables us to perform suprasegmental timing studies as well

as segmental timing studies. The numerous acoustic data bases which have been developed
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in speech research laboratories can contribute a great deal to suprasegmental timing studies
(e.g., stress, rhythm, pause, tone, intonation, and emotional speech).

In addition, the development of speech synthesis has been aided by acoustic timing
studies. Klatt (1976, 1979) in American English and O'Shaughnessy (1981, 1984) in French,
etc. would be the prototype studies in speech synthesis. This type of study (acoustic or
peripheral timing studies) does not consider the articulatory (central) timing mechanisms
such as muscle movements. Instead, they almost exclusively deal with “syntagmatic
ordering of phoneme-type segments” (Fletcher, 1988:11).

Most of the studies of the so-called objective speech rhythm or timing, which criticise
the classic type of rhythm studies, are based on the acoustic data of speech. Given that a
large-scale study of articulatory timing is impractical, an acoustic timing study would be
chosen as an objective study more frequently. In addition, even if articulatory timing
studies using a long sequence of connected speech become easily available in the future,
the physical identity of speech would remain our primary concern in studies of speech
timing or rhythm, as eventually what we hear is not the articulatory movements but the

speech sound.

4. Auditory Timing

It can be said that speech is completed when it is finally perceived by a listener. But
the problem is that the ear, (or to be more exact, our perception) is not like a scale or
ruler. In other words, our auditory mechanism (from .the eardrum to the brain) does not
perceive the speech sound (physical characteristics: intensity, frequency, duration) as is.
Therefore, what we hear (perceive) could significantly differ from the physically-existing
speech. In line with this, Denes & Pinson (1993:98) state that "The difference between the
physical properties of a sound and the subjective properties of the same sound cannot be
stressed too strongly.“ Due to this difference, perceptual timing of speech has been con-
sidered independent of articulatory and acoustic timing.

The studies of time perception were pioneered by psychologists (e.g., Blakely, 1933;
Woodrow, 1951; Fraisse, 1963), as part of rhythm theory. They mentioned the so-called
indifference interval, which is noteworthy with reference to speech timing as well. Ac-
cording to Woodrow (1951), the fact that short intervals are overestimated and long ones
are underestimated was first stated by Vierordt (1868) as a law. Woodrow (1951:1225)
interpreted Vierordt's statement as implying that "some intermediate length is neither
overestimated nor underestimated”, and he stated “this intermediate length is the indif-
ference interval.” The indifference interval is said to range from 0.6 to 0.8 s (Blakely, 1933;

Woodrow, 1951; Fraisse, 1963), in spite of the denial that it is too variant to be determined
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(Treisman, 1963; Michon, 1967). This concept has been applied to speech research by some
scholars including Allen (1975) and Lehiste (1977). Accepting the concept of the indifference
interval, Allen (1975:77) claimed that "The over- and underestimation of relatively short and
long intervals .. may explain our ability to hear sequences of approximately equal time
intervals as more equal than they really are.” Through a series of investigations into the
so-called just noticeable differences in duration, Lehiste (1977) reported that they ranged
from 30 to more than 100 ms, and predicted that the just noticeable differences for speech
would be 'somewhat larger, since listeners noticed the durational change better with
nonsense stimuli (e.g., pure tones, white noise) than they did with speech. Based on the
results and Allen’s view mentioned above, Lehiste supported the perception of regular
rhythm (isochronism) in languages with stress accent.

While perceptual timing studies contribute to enhancing our understanding of some
aspects of timing in speech, we have to acknowledge that they have restrictions 'in them-
selves. That is, perception of timing could be subjective, which may cause significant
variability between speakers and within speakers. Yet our questions as to timing are ex-
pected to be answered more objectively. ‘

In relation to the subjectivity of perception of speech rhythm, we come across an inter-
esting report. In Miller's (1984) study, four groups of subjects (11 English phoneticians, 27
English non-phoneticians, 11 French phoneticians and 10 French non-phoneticians) were
exposed to seven language recordings in reading and conversational styles (Arabic, Polish,
Spanish, Finnish, Japanese, Indonesian and Yoruba). All groups indicated that Arabic was
stress-timed. Interestingly, however, Spanish was judged stress-timed by the three groups
except the group of English non-phoneticians. This is a result contrary to the view of Pike
(1945) and Hockett (1955) who judged Spanish as syllable-timed. In addition, none of the
remaining five languages was perceived to be identical in rhythm by all four groups, while
some languages were not assigned to either rhythmic category. For example, Polish was
felt to be strongly stress-timed by English phoneticians, whereas it was judged strongly
syllable-timed by English non-phoneticians. None of the four groups could assign
Indonesian or Japanese to either rhythmic category. Therefore, it will be unrealistic to
classify the rhythmic type of languages only depending on perception, even though some
notable agreement is likely to be obtained (eg., Arabic or Spanish?).

On the other hand, perceptual timing could be influenced by the phonology of the
listener’s native or familiar language. With reference to this, Jakobson, Fant & Halle (1952:
10) asserted that the perception of speech is significantly affected by the phonology of our

native language.

..... , the wéy we perceive them [the speech sounds] is determined by the phonemic

pattern familiar to us. Therefore, a monolingual Slovak identifies the rounded front -
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vowel /@/ of the French word jeu as /e/, since the only distinctive opposition in his
mother tongue is acute (front) vs. grave (back) and not flat (rounded) vs. plain
(unrounded). A monolingual Russian, on the contrary, perceives the same French
vowel as /o/ because his native tongue possesses only the one of the two oppositions

in question, namely, flat vs. plain.

Jakobson, Fant & Halle (1952:10-11) went on to make another interesting statement that
this interference by phonology could take place even in the responses to non-speech

sounds.

Knocks produced at even intervals, with every third louder, are perceived as
groups of three separated by a pause. The pause is usually claimed by a Czech to
fall before the louder knock, by a Frenchman to fall after the louder; while a Pole
hears the pause one knock after the louder. The different perceptions correspond
exactly to the position of the word stress in the languages involved: in Czech the
stress is on the initial syllable, in French, on the final and in Polish, on the penult.
When the knocks are produced with equal loudness but with a longer interval after
every third, the Czech attributes greater loudness to the first knock, the Pole, to the

second, and the Frenchman, to the third.

It seems to be true that we hear foreign languages through our learned sound system
(phonology). There are two other examples of interference by phonology in our perception.
First, Allen & Ladefoged (1971) examined the effect of differences in segmental structure
between English, French and Polish on perceived rhythm. Nonsense utterances (VCHCV,
VH#CCV and V#CV) spoken by native English, French and Polish speakers were judged by
other native speakers. That is, the listeners tapped their fingers whenever they heard the
stressed syllables. The results indicated that "(1} listeners hear the rhythm of an utterance
more clearly when it is spoken by a compatriot than by a foreigner, and (2) listeners tend
to perceive rhythmic structure in terms of their own linguistic rules, regardless of the
language of the utterance” (p. 116). Second, Berinstein (1978) performed a cross-linguistic
perception test to determine how listeners’ language background influences stress percep-
tion. The subjects of the experiment were speakers of three different languages with
different stress patterns respectively (i.e., English: variable; Spanish: penultimate; K’'ekchi:
fixed final). It was found that to the same sequences of four synthetic CV syllables (in
each sequence three of four syllables were equal duration (100 ms), while the duration of
one remaining syllable varied between 70 and 200 ms), the listeners showed systematically
different responses. That is, an initial bias was shown in English, no bias in Spanish, and

a final bias was shown in K'ekchi (Berinstein suggested no clear explanation for the
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reason why an initial bias was shown in English while no bias in Spanish, but it could be
noted that the responses systematically varied according to the native language of the
subjects). With regard to the result, Berinstein (1978:556) claimed that "the response bias
pattern for the three groups isr in part governed by the linguistic structure and the stress
assignment rules in a particular language.” All in all, we could not rule out the possibility
that perception of timing can be affected, to some extent, by the phonology of the

listener's native language.

5. Conclusion

The rhythm theory of speech has been based mainly on perceptual timing. Particularly
in the past, the theorists of speech rhythm mainly depended on their impression
(perception) of speech. The major instruments that they would use were their ears or
fingers for tapping. Despite some validity, their theory has left many questions unanswered.
Later, perceptual isochrony was proposed especially for the explanation of stress-timing in
English. But it also is not likely to be the ultimate solution that we have waited for.
Accordingly, so as to sécure objectivity and generalisation in the theory of speech timing,
we have to go beyond the 'limits imposed by perceptual timing. Considering the above
literature review and discussion, it is suggested that studies of acoustic timing or

articulatory timing are a key to solving the problem.
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